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EXECUTIVE SUMMARY 

This report builds upon the body of work sponsored by the Department of 

Energy (DOE) Light-Water Reactor Sustainability (LWRS) Flexible Power 

Operation and Generation (FPOG) program that presented generic probabilistic 

risk assessments (PRAs) for the addition of a heat extraction system (HES) to 

light-water reactors [1] to support the co-location of a high temperature hydrogen 

electrolysis facility (HTEF). Probabilistic and deterministic hazards assessments 

and risk analyses are leveraged throughout this report. Several improvements and 

new analyses are included in this report. First, higher amounts of detail in the 

specifications of the generic HTEFs are used to produce scaled results for a 100, 

500, and 1000 MW nominal hydrogen production facility. An additional hazard 

assessment of 1000 kg of hydrogen storage is performed. The facility hazards 

and footprint are assessed to determine the safe distance required for placement 

near the nuclear power plant (NPP). Second, specific designs for corresponding 

HESs for the different levels of support required by the HTEFs are analyzed in 

the PRA model. Third, a hazards analysis of the specified HTEFs leads not only 

to effects of the quantified risk assessment for the NPP, but also qualitative 

hazards assessment for the community. Finally, a seismic analysis and a high 

winds analysis have each been added to the PRA. 

The results investigate the applicability of the potential licensing approaches 

which do not require a full United States (U.S.) Nuclear Regulatory Commission 

(NRC) licensing review. The PRAs are generic and include listed assumptions. 

The HTEF design built for this project has further eliminated many conservative 

assumptions from the prior PRAs in this series [1]. The PRA results indicate that 

the 10 CFR 50.59 licensing approach is justified due to the minimal increase in 

initiating event frequencies for all design basis accidents, with none exceeding 

7.7%. The PRA results for core damage frequency and large early release 

frequency support the use of NRC Regulation Guide 1.174 as further risk 

information that supports a change without a full licensing amendment review. 

The hazard analyses and PRA confirm the need for engineered blast barriers of 

storage tanks and the common production header leaving the HTEF. The hazards 

analyses and PRA also confirm with high confidence that using the assumptions 

of design in this report that the safety case for licensing an HES addition and an 

HTEF sited with its unprotected high-pressure stage components 187 meters 

from the NPPôs transmission towers (the most fragile structure, system, and 

component) is strong.  
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Flexible Plant Operation and Generation  

Expansion of Hazards and Probabilistic Risk 
Assessments of a Light-Water Reactor Coupled with 

Electrolysis Hydrogen Production Plants 

1. INTRODUCTION 

This report consists of a collection of hazard analyses that support the modifications of the nuclear 

power plant (NPP) that are necessary to support the placement of a co-located high temperature 

electrolysis hydrogen production facility (HTEF). The identified hazards provide input to the probabilistic 

risk assessment (PRA) model of the generic NPP and HTEF facilities. The fragility of the NPP structures, 

systems, and components (SSCs) combined with deterministic consequence analysis were used to risk-

inform the safe separation distance of the HTEF from the NPPôs most fragile SSC, the switchyard 

transmission tower. A similar deterministic approach was also used to estimate the separation distance by 

using the U.S. Nuclear Regulatory Commissionôs (NRC) Regulation Guide 1.91 [11]. Modifications to 

the NPP and external hazards from the HTEF were added to existing PRA models. Both the deterministic 

and probabilistic results support the licensing case for the proposed changes to the NPP and safe siting 

distance of the HTEF. 

1.1 Why Nuclear-Supported Hydrogen Generation? 

The emerging gap between the growth of non-dispatchable renewable energy generation and lagging 

clean energy storage continues to contribute to the unproductive expansion of time-of-day excess clean 

energy generation. The overlapping impact of the dominant clean generating sources (intermittent 

renewables and baseload nuclear power) exacerbates this challenge during daily supply-and-demand 

cycles. 

A contributing factor is that both intermittent renewables and baseload nuclear power have inherent 

flexibility constraints in their operational models. Nuclear power has significant near-term potential to 

change its long-standing operational model by shifting generation output away from electrical generation 

when there is no additional grid demand for clean energy. During these times, nuclear could flexibly 

produce real-time usable or storable clean energy to decarbonizing functions across the power, industrial, 

and transportation sectors. Specifically, hydrogen by electrolysis as a flexible energy stream from the 

existing nuclear fleet has the potential to favorably influence these sectors as a storage medium and 

energy carrier for excess intermittent carbon-free generation. 

In recent years, the development of water-splitting electrolysis systems has dramatically accelerated 

as the interest in clean hydrogen production and global decarbonization of transportation, industrial, and 

other sectors have increased. Electrolyzed hydrogen produced by renewables and low-temperature 

electrolysis (LTE) is already emerging as a near-term clean stored-energy carrier. This clean storage 

capability will likely be an important and diversified national complement to limited renewable electricity 

storage via Lithium-Ion batteries and other emerging storage technologies. High-temperature steam 

electrolysis (HTE) systems achieve relatively higher overall system efficiencies compared to LTE. 

Nuclear generators are unique in their capability to deliver both clean electrical and heat energy outputð

the two components needed to produce clean, high-efficiency hydrogen by HTE, shown in Figure 1-1. 
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Figure 1-1. Nuclear provides heat and electricity for high-temperature electrolysis. 

 

The U.S. Department of Energy (DOE) support under the Light Water Reactor Sustainability (LWRS) 

Flexible Power Operations and Generation (FPOG) Pathway at Idaho National Laboratory (INL) is 

accelerating key technology development in this area. The current LWRS R&D focus regarding 

implementation of integrated hydrogen generation at nuclear facilities is being addressed through 

exploration of practical pre-conceptual designs, pilot hydrogen projects, and development of likely 

licensing success paths consistent with the United States Nuclear Regulatory Commission (NRC) 

requirements. 

For the suggested change to the light-water reactor (LWR) design and operation to be approved, the 

NRC requires a demonstration that the nuclear power plant (NPP) safety will not be adversely affected. A 

probabilistic risk assessment (PRA) is used to risk inform the decision for change acceptance by the NRC. 

PRA is a process by which risk is numerically estimated by computing the probabilities of what can go 

wrong and the consequences of those undesired events. The quantitative PRA results are compared to 

NRC guidelines, which determine if the design and operation are safe enough for approval or if changes 

need to be made to increase its safety. 

1.2 PRA Role in Safety and Licensing of Nuclear Power Plant 
Modifications 

An LWR PRA is broken into three levels, the first of which answers the risk-informed questions 

present in 10 CFR 50.59, ñChanges, Tests and Experimentsò [2]. These questions concentrate on the 

changes in initiating event frequency of design basis events caused by the proposed modifications. The 

Level 1 PRA also determines overall core damage frequency (CDF) and large early release frequency 

(LERF) which are metrics used in the risk-informed support of changes to licensing basis, NRC 

Regulation Guide 1.174 [3]. RG 1.174 can be used as further supporting information to back up decisions 

made in the 10 CFR 50,59 process. 

A Level 1 PRA estimates the frequency per year of CDF events. This is done using two types of 

logical structuresðevent trees (ETs) and fault trees (FTs). An ET represents the possible pathways that 

can occur due to an undesired outcome. The initial undesired event is called an initiating event (IE). After 

the IE, the ET uses FT model results representing responding systems that prevent core damage. These 

FTs are the top events of the ET. The ET sequence of events results in end states indicative of the reactor 

state. The end state of interest here is core damage. All basic events of component or human action 

failures have associated probabilities of failure that are used in relation to one another as defined by the 

logic trees. The sum of the probabilities associated with all the sequences leading to the core damage end 

state represent the CDF. 
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Top-down methods are typically used to define IE frequencies by using data of recorded events to 

calculate the event frequency. 

The probability of failure for FT top events are calculated using a bottom-up method. Bottom-up 

methods rely on knowing the exact system componentry and controls that are then translated into an FT. 

Typically, this is accomplished by referencing a system piping and instrumentation diagram (P&ID) and a 

list of operator actions, then identifying how each of those components and actions could fail in a way 

that leads to a failure event in the ET. The FTs are created and integrated into ETs by identifying within 

which IE the system failure would be used, either as an initiator itself or as a modification to one of the 

responding systems. 

 

2. OBJECTIVE 

The objective of this document is to further refine and expand upon the initial PRA [1]. This PRA 

includes both boiling-water reactor (BWR) and pressurized-water reactor (PWR) generic models to 

provide examples for starting a site-specific PRA. These PRAs include the risk assessment of proposed 

design options for thermal transfer, direct electrical transfer, and three sizes of hydrogen electrolysis 

facilities (100 MW, 500 MW, and 1000 MW). The PRA has also expanded to include defined generic 

hydrogen plant facilities for the three sizes of hydrogen facilities, hazards analysis of 1000 kg of 

hydrogen storage, effects from seismic and wind events, and hazards analysis of the hydrogen plant as 

they affect the local community and economy of the operating utility.  

 

3. PROJECT SCOPE 

The scope of this report is a Level 1 PRA that models the design basis IE frequencies and risk of core 

damage by quantifying the CDF associated with modifying the LWR to remove heat from the process 

steam and provide this heat and a dedicated electrical connection from the LWR to a high temperature 

electrolysis facility (HTEF). Within the PRA, the HTEF and its electrical connection to the LWR is 

treated as both a potential internal and external event hazard upon the LWR. The IE frequencies 

associated with the addition of the proposed LWR heat extraction systems (HES) and the HTEF are 

compared against the guidelines set in 10 CFR 50.59 and the CDF and LERF calculated from the PRA are 

compared against the guidelines set in RG 1.174. Recommendations for the applicability of the results to 

this licensing path are given in this report. 

The scope further uses the detailed HTEF facilities at 100 MW, 500 MW, and 1000 MW to perform a 

hazards analysis and facility siting analysis. The hazards analyses for these HTEFs provide quantitative 

input to the PRA of the NPP and qualitative results are used to assess the risk to the local community and 

the economics of the NPP. Standoff distances are assessed, and standoff distances are provided for 

acceptable risk to the NPP. 

Seismic and wind events are assessed to determine if any effects on the HTEF will affect the NPP. 

Storage of hydrogen at 1000 kg is also assessed, and a standoff distance is provided for acceptable 

risk to the NPP. 

 

4. SPECIFICATIONS OF THE SUPPORTED HYDROGEN FACILITY 

Prior reports in this series [1] assumed a high-temperature, high-pressure electrolysis module was the 

bounding accident for HTEF. The modeling assumption was for a single macro-module of the size of the 

HTEF. While this was a conservative start and provided initial positive answers to the licensing questions 

in 10 CFR 50.59 at a 500 m standoff distance, it was desired to go farther in generic specification to refine 
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the hazards analysis and the PRA and to determine the effects of larger HTEF capacities and facility 

footprints on their placement next to the NPP. The architectural engineering firm of Sargent & Lundy 

(S&L) was contracted to help develop a generic HTEF for use in this updated PRA.  

The sizes of the HTEFs proposed are 100 MW, 500 MW, and 1000 MW nominal (MWe) energy 

rating. The reference NPP is a 3,650 MW thermal (MW t) plant that provides 1,200 MW electric power, 

about 33% efficiency. The power ratings of the HTEF and the NPP, along with the steam extraction 

percentage of the HES and location of the HES steam tap for analyzed sizes of  HTEFs are summarized in 

Table 5-1.  

S&L specified a 100 MWnom HTEF for this report in a report to the INL PRA team [4]. The 100 

MWnom HTEF shown in Figure 4-1 consists of 1.8 MW solid oxide electrolyzer cell  (SOEC) modules 

each within 8 ft × 52 ft vented containers. The SOEC modules are arranged in 10 MW blocks consisting 

of six 1.8 MW modules each. There were two layouts provided, one in a rectangular facility layout and 

one in a square facility layout. The different layouts were requested to provide flexibility in siting 

considerations. The steam from the NPP is delivered to the SOECs from a common header. After the 

steam is used it is condensed and run through a demineralized water plant in the balance of plant area. 

The demineralized water is returned to the NPP for use in the reboiler to again become the steam supply 

for the HTEF. The rectangular layout is shown in Figure 4-1. The low pressure (5 psi maximum) 

hydrogen outputs of the SOEC modules are combined in a module block header (shown in red). Each 

SOEC module has a safety valve to isolate its hydrogen output from the other modules in case of a leak. 

The hydrogen is run through a compression stage at the end of each module block. The medium pressure 

(300 psi maximum) header collects the hydrogen compressed from the module blocks and delivers it to 

the final compression stage (1500 psi) for pipeline transportation and storage. Note that safety valves 

isolate sections of the piping to help prevent cascading leaks and other accidents. 

The INL team specified the 500 MW HTEF in consultation with S&L for architectural engineering 

and Sandia National Laboratories (SNL) for accident consequences of the design. The most important 

aspect of the 500 MW design is that the piping is kept at the same diameters and volumes of the 100 MW 

design until the facility output pipes are combined in an underground header immediately offsite of the 

facility for transport to storage. This means that the same standoff distances used in the 100 MW HTEF 

design can be used in both the 500 MW and 1000 MW designs. The same 10 MW SOEC module blocks 

design is used for the 500 MW HTEF except that SOEC module blocks are stacked to a second level to 

save HTEF facility footprint size excluding two module blocks, which are at a single level (Figure 4-2). 

The 10 MW modules are kept in 100 MW piping configurations to keep the pipe sizes and hydrogen 

volumes the same as the 100 MW HTEF. The five output pipes are combined in a header underground 

after the high-pressure compression stage to keep the maximum hydrogen detonation accident 

consequence at the same level as the 100 MW design. The 500 MW footprint is shown in Figure 4-2. 

The 1000 MW HTEF consists of two 500 MW HTEFs feeding one transport pipeline. 
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Figure 4-1. 100 MW HTEF Design Layout. 
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Figure 4-2. 500 MW HTEF Design Layout. 
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5. NUCLEAR POWER PLANT MODIFICATIONS FOR A HYDROGEN 
CUSTOMER 

There are two NPP system modifications proposed. The first is adding the HES to extract thermal 

power and provide it to the HTEF. The second is adding components to the switchyard necessary to 

provide direct electrical coupling to the HTEF. 

 

5.1 Nuclear Power Plant with Heat Extraction System and Collocated 
High-Temperature Electrolysis Facility System Description 

There are three conceptual designs proposed for the HES. All  designs utilize a single stage reboiler(s) 

that are located adjacent to the turbine building [5] [6]. The difference between the designs is the 

difference in the location and number of the steam taps. S&L recommended that the 100 and 500 MWnom 

HTEFs use a steam tap after the high pressure (HP) turbine and that a 1000 MWnom HTEF HES uses a 

steam tap before the HP turbine [5]. The power ratings for the proposed HTEFs and the main steam 

extraction percentages are listed in Table 5-1. A description of each design is provided below. 

Site-specific HES design iterations should follow similar probabilistic analysis presented in this 

report to maintain the minimal increase in design basis accident (DBA) IE frequencies required by 10 

CFR 50.59 (Section 9.1).  

Table 5-1. Power ratings for proposed HTEFs and NPP. 

Proposed HTEF Reference Nuclear Power Plant 

MW nom MW e MW t Full MW t % Steam Extraction 
(MW t HTEF/ MW t NPP) 

HES Steam Tap 

100 100 25 3650 0.68% After first turbine 

500 500 105 3650 2.88% After first turbine 

1000 1000 205 3650 5.62% Before the first 

turbine 

 

5.1.1 100 MWnom  High-Temperature Electrolysis Facility Heat Extraction System 
Design with 25 MWt Steam Delivery 

The HES for HTEFs up to 500 MWnom is shown in Figure 5-1. The modifications required of the NPP 

are a steam tap prior to the HP turbine, a control valve system controlled by the NPP, steam piping 

leading to a building adjacent to the turbine building, steam connection to a reboiler fed by deionized (DI) 

water from the HTEF, steam piping leading to the HTEF, and DI water piping returning from the HTEF 

[5]. The reboiler is placed in its own building outside of the turbine building for space consideration, 

isolation for maintenance, and to protect the turbine building equipment. 

The modifications required of the NPP for a 100 MWnom HTEF are a steam tap after the HP turbine, a 

control valve system controlled by the NPP, steam piping leading to a building adjacent to the turbine 

building, steam connection to a reboiler fed by DI water from the HTEF, steam piping leading to the 

HTEF, and DI water piping returning from the HTEF [5]. 



 

8 

 

 

Figure 5-1. Model drawing of 100 MWnom HES.  
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The PRA requires a specification of the components added as a part of the modification of the NPP 

that affect the safety of the power plant. The diagram of a steam extraction line downstream from the HP 

turbine leading to the reboiler is shown in Figure 5-2 [5]. The diameter of the piping for the 100 MWnom 

HTEF is 10 in., 240 ft in length. This results in a maximum steam velocity of ~120 ft/sec. P1, P2, P3, and 

P5 are each 10-ft long with two 90-degree elbows. P4 is 200-ft long. A design pressure of 250 psig and 

design temperature of 400°F is assumed. J1 is the tap from the main steam, J2 and J5 are gate valves that 

are normally open in HES operation. J3 is a flow control valve with a constant pressure drop of 20 psig, 

assumed to have no flow-stopping capability. J4 is a stop check 90-degrees globe valve. J6 is the inlet to 

the reboiler. The pipeôs insulation is assumed 4.5-in.-thick Calcium Silicate. The piping is located inside 

the turbine building, with an assumed indoor temperature of 70°F and air velocity of 0.1 ft/sec [5]. 

Since a failure in steam extraction lines up to, and including, the reboilers will affect the main steam 

line of the NPP and lead to an increased risk to the NPP, an FT for the line is developed, as shown in 

Figure 7-17. 

 

Figure 5-2. 100 MWnom HTEF diagram of steam extraction piping to the reboiler [5]. 

The reboiler required for heat transfer to the hydrogen production plant is located within the NPP site 

in a reboiler building adjacent to the turbine building. Refer to Table 5-1, above. The steam extraction 

operation is like a low-turbine bypass. Since the amount of extracted steam (0.68%) is much lower than 

the typical capacity of most NPP designs (25% or more), this extraction process will not affect normal 

plant operation. This design is for extracting 25 MW t of steam. Out of this 25 MWt power, 20 MWt is 

used to generate hydrogen while the remaining 5 MWt is a margin to cover various thermal losses.  

 

5.1.2 500 MWnom  High-Temperature Electrolysis Facility Heat Extraction System 
Design with 105 MWt Steam Delivery 

The HES for a 500 MWnom HTEF is shown in Figure 5-3. The modifications required of the NPP are 

two steam taps after the HP turbine, a control valve system controlled by the NPP, steam piping leading 

to a building adjacent to the turbine building, steam connection to two reboilers fed by DI water from the 

HTEF, and steam piping leading to the HTEF, and DI water piping returning from the HTEF [5]. The 

reboilers are placed in their own building outside of the turbine building for space consideration, isolation 

for maintenance, and to protect the turbine building equipment. 
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Figure 5-3. Model drawing of 500 MWnom HES. 
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The PRA requires a specification of the components added as a part of the modification of the NPP 

that affect the safety of the power plant. The diagram of a steam extraction line downstream from the HP 

turbine leading to the reboiler is shown in Figure 5-4 [5]. The diameter of the piping header (P5) for the 

500 MWnom HTEF is 20 in., 200-ft in length with 14-in. branches, from two taps after the HP turbine and 

splitting again to two reboilers, a total of 60-ft for each train. This results in a maximum steam velocity of 

150-ft/sec. J1 and J21 are taps from the cold reheat discharge from the HP turbine, J2, J7, J22, and J27 are 

gate valves that are normally open in HES operation. J3 and J23 are flow control valves with a constant 

pressure drop of 20-psig, assumed to have no flow-stopping capability. J4 and J24 is a stop check 90-

degrees globe valve. J8 and J28 are the inlets to the reboilers. 

A failure in the steam extraction system up to and including the reboilers will affect the main steam 

line of the NPP and lead to an increased risk to the NPP. An FT for the line is developed as shown in 

Figure 7-18. 

 

Figure 5-4. 500 MWnom HTEF diagram of steam extraction piping to the reboiler [5]. 

The reboilers required for heat transfer to the hydrogen production plant are located within the NPP 

site in a reboiler building adjacent to the turbine building (Figure 5-3). The steam extraction operation is 

like a low-turbine bypass. Since the amount of extracted steam (2.88%) (Table 5-1), is much lower than 

the typical capacity of most NPP designs (25% or more), this extraction process will not affect normal 

plant operation. This design is for extracting of 105 MW t of steam. Out of this 105 MW t power, 500 MW t 

is used to generate hydrogen while the remaining 5 MWt is a margin to cover various thermal losses. 

 

5.1.3 1000 MWnom  High-Temperature Electrolysis Facility Heat Extraction 
System Design with 205 MWt Steam Delivery 

It is important to note that unlike the 100 MWnom and 500 MWnom HTEF designs, the 1000 MWnom 

HTEF HES design was not designed by S&L. It is a design using guidance of the general layout from 

S&L, but the pipe sizing and lengths were specified through engineering judgment by the INL PRA team. 

A 15% steam extraction case was modeled in INL/EXT-21-63225, ñEvaluation of Different Levels of 

Electric and Thermal Power Dispatch Using a Full -Scope PWR Simulatorò [7] where a 20-in. steam pipe 

was used. The required 5.62% steam extraction for the 1000 MWnom HTEF is much less than the 15% 

steam extraction model in Reference [7]. The assumption is made that dividing the cross sectional area of 

the 20-in.-diameter pipe in half is a conservative estimate to determine the size of steam pipe required. 

The result of this is a 14-in. pipe. Pipe length before the branches to the three reboilers was assumed to be 

the100 MWnom HTEF length with an additional 40 ft added because of the increased distance to the main 
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steam line. The pipe sizes and lengths of the reboiler branches were assumed to be 12 in., which is 

slightly less than the 500 MWnom HTEF because of the higher energy of the main steam. 

The HES for a 1000 MWnom HTEF up to is shown in Figure 5-5. The modifications required of the 

NPP are a steam tap prior to the HP turbine, a control valve system controlled by the NPP, steam piping 

leading to a building adjacent to the turbine building, steam connection to three reboilers fed by DI water 

from the HTEF, steam piping leading to the HTEF, and DI water piping returning from the HTEF [5]. 

The reboiler is placed in its own building outside of the turbine building for space consideration, isolation 

for maintenance, and to protect the turbine building equipment. 
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Figure 5-5. Model drawing of 1000 MWnom HES. 
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The PRA requires a specification of the components added as a part of modifications to the NPP that 

affects the safety of the plant. Shown in Figure 5-6 is the diagram of a steam extraction line downstream 

from the main steam  tap that leads to the three reboilers. The diameter piping for the 1000 MWnom HTEF 

is 14 in., 240-ft in length, from the main steam tap to the three reboilers, which are 12-in. pipe branches of 

a total of 60-ft for each train. This results in a maximum steam velocity of ~150-ft/sec. J1 is a tap from 

the main steam line prior to the HP turbine, J2, J6, J16, and J26 are gate valves that are normally open in 

HES operation. J3 is a flow control valve with a constant pressure drop of 20-psig, assumed to have no 

flow stopping capability. J4 is a stop check 90-degrees globe valve. J7, J17, and J27 are the inlets to the 

reboilers.  

Since a failure in steam extraction lines up to, and including, the reboilers will affect the main steam 

line of the NPP and lead to an increased risk to the NPP, a FT for the line is developed as shown in Figure 

7-19.  

 

 

 

Figure 5-6. 1000 MWnom HTEF diagram of steam extraction piping to the reboiler. 

The reboiler required for heat transfer to the hydrogen production plant is located within the NPP site 

in a reboiler building adjacent to the turbine building (Figure 5-5). The steam extraction operation is from 

main steam and is like an auxiliary . Since the amount of extracted steam (5.62%) (Table 5-1) is much 

lower than the typical capacity of most NPP designs (25% or more), this extraction process will not affect 

normal plant operation. This design is for extracting of 205 MW t of steam. Out of this 205 MWt power, 

200 MW t is used to generate hydrogen while the remaining 5 MWt is a margin to cover various thermal 

losses. 

 

5.2 Direct Electrical Connection 

Refer to Figure 5-7 and Figure 5-8. The electrical connection to the HTEF goes from a tap just 

outside of the NPP main generator step-up (GSU) transformer to the switchgear at the HTEF. The 

transmission line distance is determined by the safe standoff distance from the hazards analysis, 345 kV 

high-voltage line with protection at each end, a circuit breaker with manual disconnect switches on each 

side, and primary and backup relays. The first circuit breaker downstream of the tap point also electrically 

separates the transmission from the NPP switchyard breaker alignment. As stated in Section 4.3.5 of 

Reference [5], ñThe new H2 power line has no effect on the switchyard voltage, breaker alignment, 
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generator automatic voltage generator loading, or the status of offsite power voltage regulating devices.ò 

This eliminates the impact of the transmission line on NPP safety systems that rely on offsite power.   

A three winding step-down transformer steps the line voltage down to the 13.8-kV medium voltage 

required at the switchgear for the HTEF. The switchgear at the HTEF is interpreted as drawn, a circuit 

breaker protected bus with four inputs on each winding. The transformers and generator circuit breaker 

(GCB) also have primary and backup relays. Control panels and power for the relays before the 

transmission line are within the NPP boundary and after the safe standoff distance of transmission line are 

at the HTEF, labeled ñH2 Islandò in Figure 5-8. Should these protections fail in an overcurrent event due 

to loads at the medium voltage switchgear or either of the transformers, the resulting overcurrent felt at 

the generator could cause a transient event at the NPP. This failure model is detailed in Section 7.1. 

 

Figure 5-7. Transmission line and portion of ring bus switchyard arrangement at NPP [5]. 














































































































































































































